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Abstract 
Soil water characteristics of two agro-ecological zones of Katsina State were evaluated to assess the 
accuracy of the predictability of SOILWAT model. The experiment covers Sudan savanna and Northern 

Guinea Savanna agro-ecological zones of Katsina State. 84 soil samples were collected at depths 0 to 30 

and 31 to 60 cm at 7 locations in each zone. The measured and predicted values of the Soil Water 

Characteristics were evaluated using coefficient of variation (CV %), roots mean square error (RMSE), 

model efficiency (EF) and coefficient of residual mass (CRM). The RMSE of bulk density has values that 
range from 0.09 to 0.1, and available water from 0.03 to 0.1, while values of coefficient of variation were 

less than 15 %. The field capacity, wilting point and moisture content at saturation were satisfactorily 

predicted, low RMSE were observed but the CV is less than 30 % at saturation and field capacity but highly 
dispersed in wilting point. Also, it poorly predicted the saturated hydraulic conductivity of the two zones, 

with the RMSE ranging between 20 and 37 with a CV of 67 % and 101 %, the values of the model efficiency 

were negative indicating that the measured result is better than the predicted. Therefore, according to this 
study, it is recommended that SOILWAT model can be adopted for predicting the Soil Water Characteristics 

in the two ecological zones except the hydraulic conductivity, which is a limitation, this may be due to the 
soil density which is strongly affected by soil structure and large pore distribution. 
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1. INTRODUCTION 

 
Soil and water relationship is very complex and 

essential aspect of understanding the unsaturated 

behaviour of soil materials (Fredlund, 2002). Soil 

water characteristics are one of the important 

methods in the soil and water conservation 

science and engineering to observe the 

relationship (Fredlund and Raharjo, 1993). The 

soil water characteristics defines the relationship 

between the soil suction and either the gravimetric 

water content, w, or the volumetric water content, 

Ɵ, or the degree of saturation, S (Vanapalli et al, 

1999). Soil water characteristics is a vital soil 

physical property because it describes how 

strongly a soil holds onto water (Sung and Iba, 

2010); as it also affects a number of parameters 

needed for proper crop production. 

 Soil water characteristics and the saturated 

coefficient of permeability have been used in 

predicting the relationship between suction and 

the coefficient of permeability (Brook and Corey, 

1964; van Genuchten, 1980; Mualem, 1986; 

Fredlund and Xing., 1994). The constitutive 

equations for volume change, shear strength and 

flow through unsaturated soil are receiving 

general acceptance in geotechnical engineering 

applications (Fredlund and Raharjo, 1993). 

Relationships between soil water characteristic 

and saturated soil properties are developed to 

predict/model the engineering behaviour of 

unsaturated soils (van Genuchten, 1980; Mualem, 

1986; Saxton et al 1986; Fredlund and Xing, 

1994; Oyeogbe and Oluwasemire, 2013; Saxton 

and Rawls, 2006). 

 Through the years, analyses of SWC are done 

through tedious laboratory procedures on 

collected samples. These procedures are 

complicated, slow, cumbersome, energy 

consuming and costly (Oyeogbe, and 

Oluwasemire, 2013; Igbadun et al, 2011). SWC 

Program (SOILWAT model) was developed by 

Saxton and Rawls (2006). It improved and 

incorporated mathematical methods calibrating it 

against over 1700 different soil types stored in the 

USDA/NRCS National Soil Characterization 

database (Soil Survey Staff, 2004; Sung and Iba, 

2010), to estimate soil water potential, bulk 

density, hydraulic conductivity and water holding 

capacity based on soil properties such as texture, 

organic matter, gravel and salinity.  

 Consequently, the SOILWAT model was 

assessed for its predictive accuracy in two agro 

ecological zones of Katsina State. This is in 

accord with suggestion of Igbadun et al (2011) 

concerning adoption of models for a locality, 

which states that before a simulation model is 

adopted for use in any locality, it is important to 
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first evaluate the models ability to represent the 

state variables it intended to simulate for the 

locality.

2 MATERIALS AND METHODOLOGY 
2.1 Study Area 

 Katsina State, covering an area 23,938 sq. 

km., is located between latitudes 11008'N and 

13022'N and longitudes 6052'E and 9020'E. The 

State is bounded by the Niger Republic to the 

north, Jigawa and Kano States to the east, Kaduna 

State to the South and Zamfara State to the West. 

 
Fig. 1: Map of Katsina State. (ASTA laboratory, 

Bayero University, Kano) 

 

2.1.1 Soil Sampling 

 Soil samples (composite) were collected 

undisturbed from Sudan Savanna and Northern 

Guinean Savanna of the State. Seven locations 

were randomly selected from each of the agro-

ecological zones (Sudan Savanna and Northern 

Guinea Savanna).  

 The locations were from Jibia, Katsina, 

Batagarawa, Rimi, Charanchi, Daura and Kaita 

representing Sudan Savanna (SS) and Faskari, 

Kankara, Bakori, Dan Musa, Danja, Funtua and 

Dan dume, representing the North Guinea 

Savanna (NGS) (Azogu, et al, 2004). In each field 

representing a location, the collection of the soil 

samples was done in triplicates to increase the 

sampling accuracy (Pleysier, 1995). The Soil 

samples were collected with the aid of auger and 

core sampler, along the profiles at 0 – 30 cm 

(topsoil)  and 31 – 60 cm (subsurface) of each 

profile respectively, following FAO guidelines 

(FAO, 2006). 

 

2.1.2  Determination of soil characteristics. 

 On the field, soil moisture meter was used for 

measuring the antecedent moisture content of the 

soil. The composite samples were analyzed in 

laboratories for particle size analysis, salinity, soil 

bulk density, organic matter content, saturated 

hydraulic conductivities and moisture 

characteristics at suction pressures 0 kPa 

(saturation point), 33 kPa (field capacity), and 

1500kPa (wilting point) kPa using pressure plate 

method (Sung and Iba, 2010) . The pressure plate 

method is able to dehumidify soil through suction 

from saturated point to wilting point. Electrical 

conductivity (salinity) was determined with a 

Conductivity meter. Soil pH was read from an 

EEL 133 pH meter with glass electrodes inserted 

into 1:1. Organic carbon contents were 

determined by the Walkley-Black dichromate 

titration method (Nelson and Sommers, 1982). 

Particle size analysis was observed by the 

hydrometer method (Gee and Or, 2002). The 

hydraulic conductivity was analyzed using 

permeability meter. Bulk density was measured 

by the core method in which core samples were 

oven-dried at 105°C until a constant weight was 

achieved. The dry weight of the soil was 

expressed as the fraction of the volume of the core 

as described by Grossman et al, (2001). 

 

2.1.3  Determination of Soil Water 

Characteristics (SWC) 

 SOILWAT model was used to estimate the 

hydrologic water holding and transmission 

characteristics of the samples. Selecting soil 

textures on the graphical soil texture triangle by 

either the slider bars or pointer click provides 

estimates for the soil water content-tension-

conductivity relationships and associated 

standard water contents (Saxton and Rawls, 

2006). 

  

2.2.1 Evaluation of model accuracy 

 The statistical indices used to evaluate the 

model was the root mean square error (RMSE), 

the coefficient of variation (CV) (Wilding (1985) 

classified CV % of soil parameters of <15 % as 

low, 15 % < CV <30 % as moderate, and > 30  % 

as high), the modeling efficiency (EF), and the 

coefficient of residual mass(CRM). The Pi is 

model prediction values, Oi is observed values, 

Om is the mean of observed values and n is number 

of data. 

https://www.bayerojet.com/


BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.16 No.2, MAY, 2021 

PP 1-6   ISSN: 2449 – 0539  

Also available on-line at https://www.bayerojet.com  3 

 

 The measured variables were incorporated 

into the SOILWAT graphical computer program 

to estimate water holding and transmission 

characteristics. The measured values for the clay 

and sand were input in whole numbers. The 

measured values were percentage sand, 

percentage clay, organic matter, percentage 

gravel, salinity, and compaction, while predicted 

variables stimulated by the model were moisture 

contents at wilting point (%Vol), field capacity 

(%Vol), saturation (%Vol) and available water 

(cm/cm), saturated hydraulic conductivity 

(mm/hr), and bulk density (g/cm3). 

3 RESULTS AND DISCUSSION 
3.1 Evaluation of Moisture Content at 

Saturation 

 Table 1 show that the RMSE is lower in the 

Sudan Savanna (SS) zone topsoil and subsoil, 

being 3.84 % and 2.07 % respectively and higher 

in Northern Guinea Savanna (NGS) zones along 

the depth, 11.95 %. RMSE should tend towards 

zero as the measure of precision between the 

prediction and measured increases. The result 

obtained implies that the degree of precision in SS 

is more compared to NGS. The coefficient of 

variation (CV) of the predicted and measured of 

the SS zones are less than 15 %, but the NGS is 

between 15 and 30 %. The results indicate that the 

predicted saturation moisture contents at the SS 
and the NGS is lowly and moderately dispersed 

from the measured contents respectively. The 

model efficiency (EF) in SS topsoil is -3.94 and it 

is further to 1 than the rest of the observed data 

being 0.04 for both SS subsoil and NGS topsoil, 

and -0.04 for NGS subsoil. The EF which is the 

measure of the degree of fit or closeness of the 

predicted data to the observed, it ranges from -8 

to 1. And the efficiency of 1 (E = 1) corresponds 

to a perfect match of predicted to the observed 

data. And the efficiency of 0 (E = 0) indicates that 

the model predictions are accurate as the mean of 

the observed data. Essentially the closer the EF is 

to 1; the more accurate the model is (Nash and 

Sutcliffe, 1970). The CRM revealed that the 

model over predicted the SS top soil by -0.089 

(i.e., 8.9 %) and under predicted the SS subsoil, 

NGS topsoil and NGS subsoil by 3 %, 13 % and 

15 % respectively. The results imply the 

SOILWAT model satisfactorily predicted soil 

moisture status of the fields study at saturation 

point. 

Table 1: Moisture Content at Saturation  
Location SS SS NGS NGS 

SD(cm) 0-30 31-60 0–30 31-60 

RMSE 3.84 2.07 9.47 11.95 

CV (%) 10.07 5.22 18.58 21.37 

EF -3.94 0.04 0.04 -0.04 

CRM -0.089 0.03 0.13 0.15 

SD: Soil Depth. 

 

3.2 Evaluation of Moisture Content at Field 

Capacity 

 The RMSE observed are 3.65, 2.36, 5.77 and 

6.76 for SS topsoil, SS subsoil, NGS topsoil and 

NGS subsoil respectively. The results obtained 

imply the degree of precision is high in all of the 

zones, as they tend to zero. The CV % of SS 
topsoil, SS subsoil, NGS topsoil and NGS subsoil 

zones are 28.92 %, 17.95 %, 21.31 % and 16.19 

% respectively. The CV % in all the zones are 

between 15 % and 30 %, this implies the predicted 

field capacity moderately differed from measured 

field capacity. 

 The EF observed is -0.41, 0.91, 0.74 and 0.26 

for SS top soil, SS subsoil, NGS top soil and NGS 
subsoil respectively. It shows in the SS topsoil that 

the measured data is a better predictor than the 

model as the EF is less than zero. The CRM 

reveals, the models ability to under predict the 

field capacity of these zones, by 16 %, 7 %, 8 % 

and 11 % for the SS topsoil, SS subsoil, NGS 

topsoil and subsoil respectively. The statistical 

indices the model was subjected to shows it 

moderately predicted the field capacity of the 

State 

 The values obtained in CV (%) are similar to 

the observation of Aliku and Oshunsamya (2016), 

whose values are between 15 – 30 % except sub 

soil of Savannah, which means the measured and 

predicted value of their work are moderately 

dispersed. 

Table 2: Moisture Content at Field Capacity. 
Location SS SS NGS NGS 

SD(cm) 0–30 31-60 0–30 31-60 

RMSE 3.65 2.36 5.77 6.76 

CV (%) 28.92 17.95 21.31 16.19 

EF -0.41 0.19 0.74 0.26 

CRM 0.16 0.07 0.08 0.11 

SD: Soil Depth. 

 

3.3 Evaluation of Moisture Content at Wilting 

Point 
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 Table 3 shows the result obtained in the 

analysis of wilting point when subject to 

evaluation by the statistical indices. The SS zone 

has a RMSE of with 2.49 % and 2.23 % more, 

compared with the NGS zone with 4.08 % and 

6.52 %. The zones are highly dispersed with the 

values of 49.26 %, 40.85 %, and 32.65 % for SS 

top and sub soil, and NGS subsoil. With the 

exception of NGS topsoil which is moderately 

dispersed, the result 26.29 % is between 15 and 

30 %. The datum obtained 0.77 in NGS topsoil is 

closer to one than the other zones, which are less 

than zero. The CRM indicates the model ability to 

overestimate the sub soils by 14 % and 17 % for 

SS and NGS respectively. And under estimate the 

top soils by 8 % and 11 % for the SS and NGS 
respectively. With the statistical indices observed, 

the model can averagely accurate in predicting the 

wilting point of the zones. The values of CV (%) 

and RMSE are similar to Igbadun et al (2011) 

findings, they observed highly dispersion 

between the measured and predicted and also the 
RMSE was 3.45, which is in between the RMSE 

of the SS (2.49 and 2.23) and NGS (4.08 and 6.52) 

 

Table 3: Moisture Content at Wilting Point 
Location SS SS NGS NGS 

SD(cm) 0-30 31-60 0–30 31-60 

RMSE 2.49 2.23 4.08 6.52 

CV (%) 49.26 40.85 26.29 32.65 

EF -1.1 -0.28 0.77 -0.44 

CRM 0.08 -0.14 0.11 -0.17 

SD: Soil Depth. 

 

3.4 Evaluation of Soil Available Water (SAW) 

 From table 4, the value of RMSE of the SS 

zone was less (2.6 % and 2.7 % for the top and 

sub soil respectively) that the NGS with 4.5 and 

9.9 % observed for the top soil and sub soil 

respectively. It indicates the rate of precision of 

the SS zone were more than the NGS’. The CV % 

of all the zones was higher than 30 %, this result 

indicates the predicted data and the measured data 

are highly dispersed. The EF of the top soils in 

both zones (0.38 and 0.26 for SS and NGS 

respectively) were more than zero than the sub 

soils (-0.42 and -2.31 for SS and NGS 
respectively), this implies there is higher degrees 

of fit for the top soils than the sub soils. The CRM 

of the zones are positive, this indicates the model 

under predicted the soil available water. 

These results indicate the model satisfactory 

predicted the soil available water in each zones. 

Table 4: Soil Available Water 
Location SS SS NGS NGS 

SD(cm) 0-30 31-60 0-30 31-60 

RMSE 0.026 0.027 0.045 0.099 

CV (%) 34.64 34.84 38.64 45.62 

EF 0.38 -0.42 0.26 -2.31 

CRM 0.21 0.19 0.04 0.36 

SD: Soil Depth. 

 

3.5 Evaluation of Saturated Hydraulic 

Conductivity (Ks) 

Table 5 shows the evaluation of the accuracy of 

the model for predicting the hydraulic 

conductivity of the soil. The RMSE of the zones 

are high, 37.77, 31.16, 35.14, 20.58 for SS top 

soils, SS sub soils, NGS top and NGS subsoil 

respectively. This indicates the measure of 

precision between the predicted and measured 

data is low. The CV % is above 30 % with the NGS 
subsoil recording over 100 %. This implies that 

the predicted hydraulic conductivity is highly 

dispersed from the observed hydraulic 

conductivity. The EF figures obtained from the 

evaluation are all negative, below zero. The 

modeling efficiency is less than zero; this 

indicates that the observed data is a better 

predictor than the model. The CRM is negative for 

the SS soils and positive for the NGS soil. From 

the statistical indices used for evaluating the 

model performance for predicting the hydraulic 

conductivity, it implies the SOILWAT model 

poorly predicted the saturated hydraulic 

conductivity of Katsina State soils. The RMSE 

and   CV (%) values are similar to the work of 

Igbadun et al (2011), who reported low precision 

and higher dispersion of variables between the 

measured and predicted values 

. Table 5: Saturated Hydraulic Conductivity 
Location SS SS NGS NGS 

SD(cm) 0-30 31-60 0-30 31-60 

RMSE 37.77 31.16 35.14 20.58 

CV (%) 65.67 67.04 65.49 101.94 

EF -0.6 -0.25 -0.44 -1.04 

CRM -0.38 -0.32 0.43 0.72 

SD: Soil Depth. 
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3.6 Evaluation of Bulk Density 

 The RMSE obtained from the evaluation of 

the predicted and the measured bulk density data 

are 0.09, 0.10, 0.10 and 0.09 for SS top soil, SS 

sub soil, NGS top soil and NGS sub soil. The 

values tend to zero; this indicates the measure of 

precision between the observed and the measured 

high. All the CV % of the soil parameter are below 

15 % (6.11, 6.78, 7.29 and 0.09 for SS top soil, SS 
subsoil, NGS top soil and NGS sub soil) this 

indicates the level of dispersed between the 

measured data and predicted data is low. The EF 

results of the bulk density are less than zero, this 

indicates the residual variance (described by the 

numerator, from the equation of EF) is larger than 

the data variance (described by the denominator, 

from the equation of EF) this implies the observed 

mean is a better predictor than the model. 

The CRM reveals the model under predicted the 
SS top soil by 5 %, while it over predicted the SS 

sub soil by 5 %, NGS top soil by 3 % and NGS sub 

soil by 3 %. The model was found to satisfactorily 

predict the bulk densities. 

The CV (%) of the bulk density is similar to the 

findings of Aliku and Oshunsamya (2016) that 

observed very low dispersion between the 

measured values and predicted. 

 

Table 6: Bulk Density 
Location SS SS NGS NGS 

SD(cm) 0-30 31-60 0-30 31-60 

RMSE 0.09 0.1 0.1 0.09 

CV (%) 6.11 6.78 7.29 7.02 

EF -3.43 -1.54 -2.1 -0.51 

CRM 0.05 -0.05 -0.03 -0.004 

SD: Soil Depth. 

4 CONCLUSION 
Evaluation of the SOILWAT model shows; it was 

able to predict the textural class of the SS zones 

accurately than the NGS zones, where it observe 

results have higher ranges of values than the 

measured values. The model accurately predicted 

the bulk density (BD) and soil available water 

(SAW) of samples where the RMSE values are 

closer to zero and the CV is less than 15 % in BD, 

but greater than 30 % in SAW, this indicates that 

the values are highly differed. It satisfactorily 

predicted the soil moisture content at saturation, 

wilting point and field capacity where the RMSE 

are below 7, and the CV is less than 30 % at 

saturation and filed capacity but highly dispersed 

in wilting point. The model poorly predicted the 

saturated hydraulic conductivity (Ks) of the 

samples, with the RMSE ranging between 20 and 

37, the CV 67 and 101 %, and all the values of the 

modeling efficiency are negative, indicating the 

measured value as a better estimator of the Ks 

than the model. 

 This may be due to the soil density according 

to Carman (2002) reported that soil density 

strongly affects soil structure and large pore 

distribution. Saxton and Rawls (2006) also stated 

that the soil density strongly affects soil structure 

and large pore distribution, consequently 

affecting the Ks. They further reported a change 

in density factor will largely affect the Ks. 
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